Summary New records of chromosome numbers were found in Indian muntjacs (Muntiacus muntjak) and fea's muntjacs (M. feae) in Thailand. Cytogenetics of endangered wildlife species, Indian muntjacs and fea's muntjacs were examined by lymphocyte culture of whole blood. The karyotypes of 3 female Indian muntjacs indicated chromosome number of 2nϭ6. The X chromosome was fused to the p-arm of chromosome paired 3. The 2 male karyotypes showed chromosome number of 2nϭ7 and the first finding out of 2nϭ9. The 2nϭ9 might originated from breakages of 2 large metacentrics in the 2nϭ7 to become 2 large acrocentrics, as the 2 fragments to become the 2 large telocentrics in the 2nϭ9. Karyotypes of 4 female fea's muntjacs indicated chromosome number of 2nϭ13 and the first discovery of 2nϭ12 and 2nϭ14. The 2nϭ12 and 2nϭ13 originated from fusion of chromosome paired 7 and chromosome paired 2 in the 2nϭ14. The karyotypes of the 2 males revealed chromosome number of 2nϭ14. The X chromosome was fused to the p-arm of the acrocentric chromosome paired 1 and the Y chromosome was the small submetacentric. The variation of chromosome numbers was caused from chromosome breakages and fusions in this genus.
Indian muntjacs and fea's muntjacs are members of family Cervidae. The family has only 6 species of 2 genera in Thailand (Lekagul and McNeely 1988, Lekagul and Napetapad 1990) . As they are mammals having low and variable chromosome numbers, they are interested subjects for chromosomal studies relating to evolution and conservation. Their chromosome numbers are extremely diverse, ranging from 6 in Indian muntjac to the relatively high number of 46 in Chinese muntjac (M. reevesi) (Wang and Lan 2000) . Thus they are of great interest to evolutionary biologists and cytogeneticists.
A study by Liming et al. (1980) on cytogenetics indicated that the chromosome number of Indian muntjac is 2nϭ6 in female or 2nϭ7 in male, Chinese (Reeves) muntjac is 2nϭ46 and their F1 hybrids with various banding techniques. G-banding showed that the 2 complements have a high degree of homology despite the vast difference in diploid numbers between the 2 species. C-banding suggests that the X chromosome and chromosome 1 of the Indian muntjac are dicentrics. Evidence indicates that both centric and repeated tandem translocations among the chromosomes of the Chinese muntjac evolved to form the chromosomes of the Indian muntjac. Soma et al. (1983) studied the cytogenetics of a 3 Muntiacus at the Dusit Zoo in Bangkok, Thailand. The karyotypes showed that this female was comprised of 13 chromosomes including submetacentrics, and 10 acrocentrics. Chromosome 1 was the sex chromosome. This individual was heterozygous for a Robertsonian translocation between chromosomes 2 and 7. Suwattana et al. (1996) showed the karyotypes of 3 female and 3 male Indian muntjacs, and 4 female and 3 male fea's muntjacs at the Dusit zoo in Bangkok, Thailand. The chromosome numbers of these 2 species were 2nϭ6 or 7 in females and 7 or 8 in males, and 2nϭ13 in females and 13-15 in males, respectively. As the fea's muntjac is a highly endangered species, several follow-up studies are of interest for potential contribution to the conservation of this species. The aim of this study was to test whether these different chromosome numbers have stabilized or continue to diversity.
Materials and methods
Blood samples of 3 female and 2 male Indian muntjacs, and 4 female and 2 male fea's muntjacs from Khao Khiew Zoo, Cholburi province and Songkla Zoo, Songkla province, Thailand, were collected and then subjected to cytogenetic studies by lymphocyte culture of whole blood. The cultured cells were examined by the colchicine-hypotonicfixation-air-drying technique followed by conventional staining and G-banding with Giemsa. Chromosomal checks were performed with 20 cells of each individual by light microscopy.
Results
Chromosomal features of Indian muntjacs varied within the same species and between the sexes. Karyotypes of 3 females indicated 2nϭ6, which consist of 2 large metacentrics and 4 medium acrocentrics. The X chromosomes were fused to the p-arm of chromosome paired 3 (Fig. 1) . Gbanded stainings were successful (Fig. 2 ) and secondary constrictions were clearly shown (Fig. 3) . The secondary constrictions appeared near the end of the q-arm on the large paired metacentric chromosome 1 and near the centromeres of the paired medium acrocentric chromosome 3 (chromosome 5, 6 in Fig. 3A ). The karyotypes of 2 males showed chromosome number of 2nϭ7 (Fig. 4 ) and the first described study 2nϭ9 (Fig. 5) . The 2nϭ7 consists of 2 large metacentrics, 3 large acrocentrics, a small telocentric and the Y chromosome. The X chromosome was fused to the p-arm of 1 large acrocentric chromosome paired 3. Secondary constrictions were also perceived near the end of the q-arm of a large paired chromosome 1 and near a centromere of a large acrocentric chromosome number 5 ( Fig. 2B and Fig. 3B ). In the 2nϭ9, which has not been seen before, there are 4 large acrocentrics, 1 large submetacentric, 3 large telocentrics, and a small metacentric Y chromosome. The X chromosome was fused to the large 1 chromosome paired 3. Also, secondary constrictions were seen near the end of the q-arm of a large paired acrocentric and near the centromeres of a paired telocentric chromosome 4 ( Fig. 2C and Fig. 3C chromosomes 7, 8 ).
Chromosomal features of fea's muntjacs indicated that chromosome numbers are also different in the same species and between the sexes as in Indian muntjacs. The female fea's muntjacs has 3 different types of chromosome numbers, 2nϭ12, 2nϭ13, and 2nϭ14. Two females have 2nϭ12, which is a new discovery, comprising 2 large submetacentrics, 2 large acrocentrics, 2 medium acrocentrics, and 6 small acrocentrics (Fig. 6) . The X chromosomes were fused to the large pair submetacentric chromosome 1. The 1 female has 2nϭ13, including a large submetacentric, 3 large acrocentrics, 2 medium acrocentrics and 7 small acrocentrics (Fig. 7) . The X chromosomes were fused to the large pair submetacentric chromosome 1. The 1 females has 2nϭ14, which is also a new discovery, consisting of 4 large acrocentrics, 2 medium acrocentrics, and 8 small acrocentrics (Fig. 8) . The X chromosomes were fused to the p-arm of the acrocentric chromosome paired 1. Gbanded stainings were performed revealing secondary constrictions (Fig. 9) . Four secondary con- 
Fig. 6
Karyotype of female fea's muntjac 2nϭ12 comprises 2 large submetacentrics, 2 large acrocentrics, 2 medium acrocentrics, and 6 small acrocentrics.
Fig. 7
Karyotype of female fea's muntjac 2nϭ13 consists of 1 large submetacentric, 3 large acrocentrics, 2 medium acrocentrics and 7 small acrocentrics.
Fig. 8
Karyotype of female fea's muntjacts 2nϭ14 consists of 4 large acrocentrics, 2 medium acrocentrics, and 8 small acrocentrics.
strictions were discovered on 4 chromosomes at the 2 q-arms of 2 medium acrocentrics and the 2 q-arms of 2 small acrocentrics (Fig. 10A, 10B , and 10C). For the 2 male fea's muntjacs, there is only 1 type of karyotype, 2nϭ14, consisting of a large submetacentric, 3 large acrocentrics, 2 medium acrocentrics, and 7 small acrocentric. The X chromosome was fused to the p-arm of the large acrocentric chromosome paired 1 and the Y chromosome is the small submetacentric (Fig.  11) . Four secondary constrictions were positioned on 4 chromosomes at the 2 q-arms of 2 medium acrocentrics (chromosomes number 5, 6 in Fig.  10D ) and the 2 q-arms of 2 small acrocentrics (chromosomes number 11, 12 in Fig. 10D ).
Discussion
The results on the chromosome features of Indian muntjacs and fea's muntjacs agreed with the other cited researches with the exception of 2nϭ9, 2nϭ12 and 2nϭ14. These indicated differences in the chromosome number and karyotypes of the same species and between the sexes due to the X chromosome being translocated and fused to the arm of the autosome. The Y chromosome did not translocate to any chromosome, which causes the male karyotype to have some chromosomes without homologues. A further interested difference is the varying different chromosome number in the same species in different studies at different times while the fea's muntjacs became an endangered species. The 2 processes of breakage and reunion may be relevant to this species becoming endangered, since it causes abnormalities in productive gametes. Soma et al. (1983) reported that a chromosome number of a female muntjac is 2nϭ13, while Suwattana et al. (1996) reported that a chromosome number of female Indian muntjac is 2nϭ6 or 7, male Indian muntjac is 2nϭ7 or 8, female fea's muntjac is 2nϭ13, and male fea's muntjac is 2nϭ13 to 15. If it was hypothesized that the variation in chromosome number and morphology is due to breakage and reunion (translocation) of some chromosomes, it infers that Muntiacus species have undergone rapid changes of chromosomes in the course of evolution and the chromosome make-up has yet to be stable like other mammals. Presently, our first results in chromosome numbers of male Indian muntjacs (2nϭ9) and of female fea's muntjacs (2nϭ12 or 14) have just found. They may have not consistent. This research indicates continuous changes in chromosome features and presents questions consuming whether their lives will be affected by this process. For consideration, the first reported chromosome number 2nϭ9 in male Indian muntjacs might be achieved from the 2 broken large metacentric chromosome 1 in the 2nϭ7 which became a large pair acrocentric, while the fragments became the pair large telocentric chromosome 4 in the 2nϭ9 (Fig. 3C, 4 , 5) which 1 is fused to the X chromosome translocated from a chromosome paired 3 of 2nϭ7 to become the large 1 submetacentric in 2nϭ9. Then the 1 large acrocentric of chromosome paired 3 was lacking of the X chromosome to become 1 large telocentric and to become a pair large telocentric of chromosome 4 in 2nϭ9. However, the secondary construction near the centromere of the large 1 telocentric chromosome paired 4 in 2nϭ9 was presented. So that the other 1 possibility is that there is no absolutely relationship between the 2nϭ7 and 2nϭ9 individuals. They are independent in difference of evolutionary lines. Following to this result the X chromosome has ready to translocate to fuse to any autosome. It is surprising that are there problems of centromere construction. Apart from lacking homologous chromosome, centromere construction may be an increasing problem in the abnormal meiosis process which leads to abnormal gametes. It is considered that intense hunting and deforestation are the cause of their scarce number. But what is the true reason? Thus, these different chromosome number individuals, 2nϭ9, and 2nϭ12, 14 should be studied further for reproduction. This result will be indicator for conservation management of long life distinction. For fea's muntjacs, we have got the first reports of chromosome numbers 2nϭ12 and 2nϭ14. The 2nϭ12 and 2nϭ13 individuals were caused from the fusion of chromosome 2 and 7 in the 2nϭ14 individual. The small-paired acrocentric chromosome 7 was translocated and fused to the large paired acrocentric chromosome 2. The first fusion became a 2nϭ13 individual (Fig. 7) , the 1 small acrocentric chromosome 7 disappearing, and the 1 large fused acrocentric chromosome became the large 1 submetacentric in the 2nϭ13 individual. The second fusion, consists of the small acrocentric chromosome 7 and the large acrocentric chromosome 2 (Fig. 8) , which became the large submetacentric in 2nϭ12 individual disappearing of the rest small acrocentric chromosome 7.
However, all of muntjacs in Thailand have not been studied. The 2nϭ13 individuals had been reported in previous studies. Although, this study documents the first reports of 2nϭ12 and 2nϭ14 individuals, but an assumption was former being of the 2nϭ14 individuals. Therefore the 2n=14 individuals have evolved to the 2nϭ12 and 2nϭ13 individuals. The 2nϭ9 individual was also discovered lately. So it is possible to hypothesize that muntjacs have many more chromosome-feature variations, and then can be traced. Which factors affect these mentioned processes, and do those factors lead to the endangerment of this species?
The diagnosis of chromosome variation with breakage, and fusion and lacking of homologous chromosome in the same species and between sexes should be further studied to support their long life management.
